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(57) ABSTRACT

A test apparatus for a semiconductor package comprising an
X-ray analyzer acquiring an X-ray image of the semiconduc-
tor package and detecting a thickness of the semiconductor
package from the X-ray image, and a thermal reaction ana-
lyzer applying a voltage to the semiconductor package and
detecting a failure position of the semiconductor package
using a surface temperature of the semiconductor package
and the thickness of the semiconductor package may be pro-
vided.

20 Claims, 8 Drawing Sheets
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1
TEST APPARATUS FOR SEMICONDUCTOR
PACKAGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. §119 to Korean Patent Application No. 10-2012-
0098819, filed on Sep. 6, 2012 in the Korean Intellectual
Property Office, the disclosure of which is hereby incorpo-
rated by reference in its entirety.

BACKGROUND

1. Field

Example embodiments relate to test apparatuses for a
semiconductor package.

2. Description of the Related Art

A semiconductor package is provided by mounting a semi-
conductor chip on a package substrate, performing electrical
connection using wires, and sealing the package with a seal-
ing resin such as EMC or the like. A test apparatus for a
semiconductor package detects failure that occurs due to
open or short of signal lines of the package substrate or the
semiconductor chip of the semiconductor package.

SUMMARY

The present inventive concepts provide test apparatuses for
a semiconductor package that can accurately detect a failure
position.

The present inventive concepts provide test apparatuses for
a semiconductor package that can reduce a detection time of
a failure position.

According to an example embodiment, a test apparatus for
a semiconductor package includes an X-ray analyzer config-
ured to acquire an X-ray image of the semiconductor package
and detect a thickness of the semiconductor package from the
X-ray image, and a thermal reaction analyzer configured to
apply voltages to the semiconductor package and detect a
failure position of the semiconductor package using a surface
temperature of the semiconductor package and the detected
thickness of the semiconductor package.

The X-ray analyzer may include an image processor con-
figured to detect the thickness of the semiconductor package
using a density of an area of the semiconductor package in the
X-ray image.

The semiconductor package may include at least one layer,
and the image processor may be configured to detect a thick-
ness of the at least one layer using density information of the
at least one layer in the X-ray image.

The thermal reaction analyzer may include a failure detec-
tor configured to detect vertical coordinates of the failure
position using a phase difference between the voltages
applied to the semiconductor package and the surface tem-
perature of the semiconductor package.

The thermal reaction analyzer may include an infrared
scope configured to acquire a thermographic image on a
surface of the semiconductor package, and the failure detec-
tor configured to detect the surface temperature of the semi-
conductor package from the thermographic image.

The failure detector may be configured to detect the verti-
cal coordinates of the failure position using a thermal diffu-
sion coefficient of the semiconductor package.

The thermal reaction analyzer may include an infrared
scope configured to acquire a thermographic image on the
surface of the semiconductor package, and a failure detector
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configured to detect horizontal coordinates of the failure posi-
tion from the thermographic image.

The failure detector may be configured to detect coordi-
nates of a pixel having a maximum pixel value in the thermo-
graphic image as the horizontal coordinates of the failure
position.

The X-ray image may be a three-dimensional X-ray image
of the semiconductor package.

According to an example embodiment, a test apparatus for
a semiconductor package includes an X-ray analyzer config-
ured to detect a thickness of the semiconductor package, and
a thermal reaction analyzer configured to detect a failure
position of the semiconductor package, wherein the X-ray
analyzer includes an X-ray scope configured to acquire an
X-ray image of the semiconductor package, an image proces-
sor configured to detect a thickness of the semiconductor
package from the X-ray image, and a display unit configured
to display the X-ray image on which the failure position is
shown, and wherein the thermal reaction analyzer includes a
voltage supply device configured to apply voltages to the
semiconductor package, an infrared scope configured to
acquire a thermographic image on a surface of the semicon-
ductor package, and a failure detector configured to detecting
vertical coordinates of the failure position using the detected
thickness of the semiconductor package and a phase differ-
ence between the voltages applied to the semiconductor pack-
age and a surface temperature of the semiconductor package
and detect horizontal coordinates of the failure position from
the thermographic image.

The semiconductor package may include at least one layer,
and the image processor may be configured to detect a thick-
ness of the at least one layer using density information of the
at least one layer in the X-ray image.

The failure detector may be configured to detect the surface
temperature of the semiconductor package from the thermo-
graphic image.

The failure detector may be configured to detect the verti-
cal coordinates of the failure position using a thermal diffu-
sion coefficient of the semiconductor package.

The failure detector may be configured to detect coordi-
nates of a pixel having a maximum pixel value in the thermo-
graphic image as the horizontal coordinates of the failure
position.

The X-ray image may be a three-dimensional X-ray image
of the semiconductor package.

According to an example embodiment, a test apparatus for
a semiconductor package includes an X-ray analyzer config-
ured to detect at least one of a thickness of the semiconductor
package and thicknesses of layers of the semiconductor pack-
age using a X-ray image of the semiconductor package and
density information of the layers, and a thermal reaction
analyzer configured to apply voltages to the semiconductor
package and detect a failure position of the semiconductor
package using a surface temperature of the semiconductor
package and the detected thickness transmitted from the
X-ray analyzer.

The thermal reaction analyzer may include an infrared
scope configured to acquire a thermographic image of a sur-
face of the semiconductor package, and a failure detector
configured to detect a horizontal coordinate and a vertical
coordinate of the failure position of the semiconductor pack-
age.

The failure detector may be configured to detect the hori-
zontal coordinate of the failure position from the thermo-
graphic image of the surface of the semiconductor package,
and the failure detector may be configured to detect a vertical
coordinate of the failure position using a phase difference
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between the voltages applied to the semiconductor package
and the surface temperature of the semiconductor device.

The failure detector may be configured to detect a vertical
coordinate of the failure position using thermal diffusion
coefficient information of layers forming the semiconductor
package and a phase difference between the voltages applied
to the semiconductor package and the surface temperature of
the semiconductor device.

The X-ray analyzer may include an X-ray scope configured
to acquire at least one of a two-dimentional and a three-
dimensional X-ray image, and an image processor configured
to detect the at least one of a thickness of the semiconductor
package and thicknesses of layers of the semiconductor pack-
age using the density information of the layers. Additional
advantages, subjects, and features of the inventive concepts
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skill in the
art upon examination of the following or may be learned from
practice of the inventive concepts.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other subjects, features and advantages of
the present inventive concepts will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a schematic block diagram illustrating the con-
figuration of a test apparatus for a semiconductor package
according to an example embodiment;

FIG. 2 is a schematic block diagram illustrating the con-
figuration of an X-ray analyzer of FIG. 1;

FIG. 3 is a schematic block diagram illustrating the con-
figuration of a thermal reaction analyzer of FIG. 1;

FIG. 4 is a schematic diagram to explain a method of
detecting a thickness of a semiconductor package through the
X-ray analyzer of FIG. 1;

FIG. 5 is a schematic diagram to explain a method of
detecting horizontal coordinates of a failure position of a
semiconductor package using the thermal reaction analyzer
of FIG. 1;

FIGS. 6 and 7 are schematic diagrams to explain a method
of detecting vertical coordinates of a failure position of a
semiconductor package using the thermal reaction analyzer
of FIG. 1;

FIG. 8 is a schematic block diagram illustrating the con-
figuration of a test apparatus for a semiconductor package
according to another example embodiment;

FIG. 9 is a schematic diagram illustrating an X-ray image
of'a semiconductor package acquired by the X-ray analyzer
of FIG. 8; and

FIG. 10 is a schematic diagram illustrating a failure posi-
tion that appears on an X-ray image of a semiconductor
package acquired by the X-ray analyzer of FIG. 8.

DETAILED DESCRIPTION

The present inventive concepts will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which example embodiments are shown. The inven-
tive concepts may, however, be embodied in different forms
and should not be construed as limited to the example
embodiments set forth herein. Rather, these example embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the inventive
concepts to those skilled in the art. The same reference num-
bers indicate the same components throughout the specifica-
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tion. In the attached figures, the thicknesses of layers and
regions are exaggerated for clarity.

It will also be understood that when a layer is referred to as
being “on” another layer or substrate, it can be directly on the
other layer or substrate, or intervening layers may also be
present. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present.

Spatially relative teams, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the term
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The use of the terms “a” and “an” and “the” and similar
referents in the context of describing the inventive concepts
(especially in the context of the following claims) are to be
construed to cover both singular and plural, unless otherwise
indicated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to
be construed as open-ended terms (i.e., meaning “including,
but not limited to”), unless otherwise noted.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which these inventive
concepts belong. It is noted that the use of any and all
examples, or example terms provided herein is intended
merely to better illuminate the inventive concepts and is not a
limitation on the scope of the inventive concepts unless oth-
erwise specified. Further, unless defined otherwise, all terms
defined in generally used dictionaries may not be overly
interpreted.

The present inventive concepts will be described with ref-
erence to perspective views, cross-sectional views, and/or
plan views, in which example embodiments of the inventive
concepts are shown. Thus, the profile of an example view may
be modified according to manufacturing techniques and/or
allowances. That is, the example embodiments are not
intended to limit the scope of the present inventive concepts,
but cover all changes and modifications that can be caused
due to a change in manufacturing process. Thus, regions
shown in the drawings are illustrated in schematic form and
the shapes of the regions are presented simply by way of
illustration and not as a limitation.

Hereinafter, with reference to the accompanying drawings,
embodiments of the present inventive concepts will be
described in detail. Hereinafter, a multi-chip package, in
which two semiconductor chips are laminated on a package
substrate, is exemplified. However, the present inventive con-
cepts is not limited thereto, and it is apparent to those of
ordinary skill in the technical field to which the present inven-
tive concepts pertain that the present inventive concepts can
be applied to a single chip package and various kinds of
semiconductor packages.

FIG. 1 is a schematic block diagram illustrating the con-
figuration of a test apparatus for a semiconductor package
according to an example embodiment.

29 <.
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Referring to FIG. 1, a test apparatus 1 for a semiconductor
package includes an X-ray analyzer 100 and a thermal reac-
tion analyzer 200.

The X-ray analyzer 100 may acquire an X-ray image of a
semiconductor package, and may detect the thickness of the
semiconductor package from the X-ray image of the semi-
conductor package. The X-ray analyzer 100 may transmit the
detected thickness information Sth of the semiconductor
package to the thermal reaction analyzer 200. The detailed
configuration of the X-ray analyzer 100 will be described
with reference to FIG. 2.

The thermal reaction analyzer 200 may receive the thick-
ness information Sth of the semiconductor package from the
X-ray analyzer 100. The thermal reaction analyzer 200 may
apply a voltage to the semiconductor package, and may detect
a failure position F of the semiconductor package using a
surface temperature of the semiconductor package and the
thickness information of the semiconductor package (e.g.,
thicknesses of at least one layer constituting the semiconduc-
tor package). The detailed configuration of the thermal reac-
tion analyzer 200 will be described with reference to FIG. 3
later.

Hereinafter, referring to FIG. 2, the configuration of the
X-ray analyzer of FIG. 1 will be described in more detail.
FIG. 2 is a schematic block diagram illustrating the configu-
ration of the X-ray analyzer of FIG. 1.

Referring to FIG. 2, the X-ray analyzer 100 includes an
X-ray scope 110, an image processor 120, and a display panel
130.

The X-ray scope 110 may acquire an X-ray image of a
semiconductor package. The X-ray image of the semiconduc-
tor package may be a two-dimensional (2D) or three-dimen-
sional (3D) image of the semiconductor package.

The X-ray image of the semiconductor package may
include, for example, a CT (Computer Tomography) image of
the semiconductor package. If the semiconductor package is
a multi-chip package in which multiple semiconductor chips
are laminated, the CT image of the semiconductor package
may include single-layer images for respective layers. The
single-layer images for the respective layers may be recon-
figured as a 3D X-ray image of the semiconductor package.

The image processor 120 may detect the thickness of the
semiconductor package from the X-ray image of the semi-
conductor package. The image processor 120 may detect the
thickness of an area of the X-ray image of the semiconductor
package using the density information of the semiconductor
package. The X-ray image may be captured on the basis of the
penetration degree of X-rays that penetrate an object to be
photographed, and the penetration degree of the X-rays may
be determined by the density of the object to be photo-
graphed. Hereinafter, in the case where the X-ray image of the
semiconductor package is digitalized, the density value may
correspond to a pixel value of the digitalized X-ray image. A
method of detecting the thickness of the semiconductor pack-
age will be described in more detail with reference to FIG. 4.

The display panel 130 may display the X-ray image of the
semiconductor package.

Hereinafter, referring to FIG. 3, the configuration of the
thermal reaction analyzer of F1G. 1 will be described in more
detail. FIG. 3 is a schematic block diagram illustrating the
configuration of a thermal reaction analyzer of FIG. 1.

Referring to FIG. 3, the thermal reaction analyzer 200
includes an infrared (IR) scope 210, a failure detector 220, a
voltage supply device 230, and an input/output (I/O) device
240.

The infrared scope 210 may acquire a thermographic
image of the semiconductor package. The infrared scope 210
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may measure infrared energy that is emitted from an object to
be photographed, and may acquire a thermographic image
that shows temperature distribution of the object to be pho-
tographed. The infrared scope 210 may acquire the thermo-
graphic image that shows the temperature distribution of the
surface of the semiconductor package. Here, the surface of
the semiconductor package may include an upper surface and
respective side surfaces of the semiconductor package.

The thermographic image of the surface of the semicon-
ductor package may be displayed with colors that are dis-
criminated in multiple steps depending on the temperature
distribution of the semiconductor package. For example, an
area having the highest temperature on the thermographic
image of the surface of the semiconductor package may be
displayed with red color, and an area having the lowest tem-
perature may be displayed with blue color. Accordingly, a
pixel displayed with red color may have RGB values of (255,
0, 0), and a pixel displayed with blue color may have RGB
values of (0, 0, 255).

The failure detector 220 may detect vertical coordinates
and horizontal coordinates of a failure position F of the semi-
conductor package. The failure of the semiconductor package
indicates an open or short state of signal lines of the package
substrate or the semiconductor chip. The failure detector 220
may detect the horizontal coordinates of the failure position F
of'the semiconductor package from the thermographic image
of the surface of the semiconductor package, and detects the
vertical coordinates of the failure position F of the semicon-
ductor package using the phase difference between a voltage
to be described later and the temperature of the surface of the
semiconductor package. A method of detecting the horizontal
coordinates and the vertical coordinates of the failure position
F of the semiconductor package will be described in more
detail with reference to FIGS. 5to 7.

The voltage supply device 230 applies a voltage to the
semiconductor package. The voltage supply device 230 may
apply a voltage to a micro bump of the package substrate. The
voltage that is applied to the semiconductor package may be
a square wave, but is not limited thereto. The voltage applied
to the semiconductor package may have any waveformso
long as the phase of the voltage can be identified.

The input/output device 240 may receive a thermal diftu-
sion coefficient of the semiconductor package from a user.
The thermal diffusion coefficient is the thermal characteristic
of a material that is indicated by an area per unit time (e.g.,
m?/s), and represents time for which heat is transferred from
a desired (or alternatively, predetermined) distance and cause
a temperature change. In the case where the semiconductor
package is a multi-chip package in which multiple semicon-
ductor chips are laminated, the input/output device 240 may
receive an input of thermal diffusion coefficients of respective
layers. The X-ray analyzer 100 may further include a separate
memory device (not illustrated) in which previously input
thermal diffusion coefficients of the respective layers can be
stored.

FIG. 4 is a schematic diagram to explain a method of
detecting the thickness of the semiconductor package through
the X-ray analyzer of FIG. 1.

Referring to FIG. 4, a semiconductor package 3 includes a
first semiconductor chip 31 and a second semiconductor chip
32. However, the present inventive concepts are not limited
thereto, but the semiconductor package 3 may include at least
one layer. On lower portions of the first semiconductor chip
31 and the second semiconductor chip 32, afirst laminate film
21 and a second laminate film 22 may be formed, respectively.
The first laminate film 21 and the second laminate film 22
may be a bonding material in the form of a film, and may be
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used to laminate the first semiconductor chip 31 and the
second semiconductor chip 32, respectively. The first lami-
nate film 21 and the second laminate film 22 may be, for
example, DAF (Die Attach Films). The package substrate 10
may be formed on alower portion of the first laminate film 21.
The package substrate 10 may include a base substrate 11, a
silicon interposer 12, a micro bump 13, a through silicon via
14, and a conductive pad 15. Further, a sealing layer 40 that
covers the semiconductor chips 31 and 32 and the laminate
films 21 and 22 may be formed. The sealing layer 40 may be
used to seal the semiconductor chip to protect the semicon-
ductor chip from an external environment and impact. The
sealing layer 40 may be, for example, an EMC (Epoxy Mold-
ing Compound).

The image processor 120 may detect the thickness of the
semiconductor package 3 from the X-ray image la of the
semiconductor package 3. For example, the image processor
120 may use the density of the area of the semiconductor
package 3 in the X-ray image la of the semiconductor pack-
age 3. The image processor 120 detects the thicknesses t1 to
t6 of the respective layers of the semiconductor package 3
using density values of the respective layers.

For example, the density values of the respective layers in
the X-ray image Ia of the semiconductor package 3 can be
discriminated from each other as shown in Table 1 below.

TABLE 1
Layer classification Density value
Package substrate (PCB) Oto3
Laminate film (DAF) 50to 70
Semiconductor chip (chip) 20to 30
Sealing layer (EMC) 15

The image processor 120 may determine the area having
the density value of O to 3 in the X-ray image la of the
semiconductor package 3 as the area of the package substrate
10, and may determine the area having the density value of 50
to 70 as the area of the laminate films 21 and 22. Further, the
image processor 120 may determine the area having the den-
sity value 0 20to 30 as the area of the semiconductor chips 31
and 32, and may determine the area having the density value
of 15 as the area of the sealing layer 40. Here, the density
values of the respective layer areas may be pre-stored in a
memory device (not illustrated) of the X-ray analyzer 100.

Further, because the density values of the respective layers
in the X-ray image la of the semiconductor package 3 may be
discriminated depending on the densities of materials form-
ing the respective layers, the image processor 120 may deter-
mine boundaries at which changes of the density values
exceed a threshold value in the X-ray image Ia of the semi-
conductor package 3, and may discriminate the respective
layers of the semiconductor package 3 based on the boundary
information.

The image processor 120 may discriminate the respective
layers in the X-ray image la of the semiconductor package 3
according to the above-described method, and may detect the
thicknesses t1 to t6 of the respective layers of the semicon-
ductor package 3 using the coordinates of the pixels that
constitute the same layer.

In the embodiment of the present invention, the method of
detecting the thickness of the semiconductor package may
use the densities of the semiconductor package in the X-ray
image ofthe semiconductor package. However, the method of
detecting the thickness of the semiconductor package from
the X-ray image of the semiconductor package is not limited
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thereto, but various methods may be used. The detailed
description of such methods will be omitted.

FIG. 5 is a schematic diagram to explain a method of
detecting horizontal coordinates of the failure position of the
semiconductor package using the thermal reaction analyzer
of FIG. 1.

Referring to FIG. 5, on a thermographic image Ib on the
upper surface of the semiconductor package 3, the second
semiconductor chip 32, the first semiconductor chip 31, and
the package substrate 10, which have been described in detail
with reference to FIG. 4, may be shown. On the thermo-
graphic image Ib of the semiconductor package 3, the area of
the semiconductor package 3 and its outer area may be dis-
criminated from each other by their pixel values. The area of
the pixel having a density value that is larger than the thresh-
old value in the thermographic image Ib of the semiconductor
package 3 may be discriminated as the area of the semicon-
ductor package 3, and the area of the pixel having a density
value that is smaller than the threshold value may be discrimi-
nated as the outer area. The area of the semiconductor pack-
age 3 in the thermographic image Ib of the semiconductor
package 3 may be defined by, for example, a left lower pixel
A (ax, ay) and a right upper pixel B (bx, by).

The voltage supply device 230 may apply voltage to the
semiconductor package 3, and heat H may be generated in the
failure position F of the semiconductor package 3 due to the
applied voltage. The heat H generated in the failure position F
of the semiconductor package 3 may be transferred in the
direction of the upper surface of the semiconductor package
3, and the temperature change due to the heat H transferred
from the failure position F of the semiconductor package 3
may occur on the upper surface of the semiconductor package
3.

The failure detector 220 may detect the horizontal coordi-
nates (fx, fy) of the failure position F of the semiconductor
package 3 from the thermographic image Ib on the upper
surface of the semiconductor package 3. The change due to
the heat H transferred from the failure position F of the
semiconductor package 3 may occur in the thermographic
image Ib on the upper surface of the semiconductor package
3. The failure detector 220 may detect the coordinates of the
pixel having the highest temperature in the thermographic
image Ib on the upper surface of the semiconductor package
3 as the horizontal coordinates (fx, fy) of the failure position
F of the semiconductor package 3. In the case where the
temperature distribution of the semiconductor package 3 is
displayed with colors on the thermographic image Ib of the
semiconductor package 3, the pixel having the highest tem-
perature may have, for example, RGB values of (255, 0, 0).

FIGS. 6 and 7 are schematic diagrams to explain a method
of detecting the vertical coordinates of the failure position of
the semiconductor package using the thermal reaction ana-
lyzer of FIG. 1.

Referring to FIG. 6, a voltage source 231 of the voltage
supply device 230 is connected to the micro bump 13 to apply
the voltage to the semiconductor package 3, and the surface of
the semiconductor package 3 is photographed using an infra-
red sensor 211 of the infrared scope 210. As described above,
heat H may be generated in the failure position F of the
semiconductor package 3 due to the voltage applied to the
semiconductor package 3. The heat H generated in the failure
position F of the semiconductor package 3 may be transferred
to the direction of the upper surface of the semiconductor
package 3, and the surface temperature of the semiconductor
package 3 may be changed due to the heat H transferred from
the failure position F of the semiconductor package 3.
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The failure detector 220 detects the vertical coordinates fz
of'the failure position F of the semiconductor package 3 using
the phase difference between the voltage applied to the semi-
conductor package 3 and the surface temperature of the semi-
conductor package 3. The change due to the heat H trans-
ferred from the failure position F of the semiconductor
package 3 may appear in the thermographic image on the
upper surface of the semiconductor package 3. The failure
detector 220 may detect the surface temperature of the semi-
conductor package 3 from the thermographic image on the
upper surface of the semiconductor package 3.

Referring to FIG. 7, the voltage Vs that is applied to the
semiconductor package 3 by the voltage supply device 230
may be a square wave. The voltage Vs applied to the semi-
conductor package 3 shows a rising edge at t1, and the surface
temperature tsurface of the semiconductor package 3 shows a
rising edge at t2. For example, the phase difference between
the voltage Vs applied to the semiconductor package 3 and the
surface temperature tsurface of the semiconductor package 3
may correspond to At (i.e., t2—t1).

According to an example embodiment, the phase differ-
ence may be obtained on the basis of the rising edge of the
voltage applied to the semiconductor package and the rising
edge of the surface temperature of the semiconductor pack-
age. However, the method for obtaining the phase difference
between the voltage applied to the semiconductor package
and the surface temperature of the semiconductor package is
not limited thereto, but various known methods may be used.
The detailed description of such known methods will be
omitted.

The failure detector 220 may detect the distance ts between
the failure position F of the semiconductor package 3 and the
upper surface of the semiconductor package 3 using At and
the thermal diffusion coefficient of the semiconductor pack-
age 3. For example, the failure detector 220 may use the
respective thermal diffusion coefficients of the package sub-
strate 10, the laminate films 21 and 22, the semiconductor
chips 31 and 32, and the sealing layer 40.

The failure detector 220 may detect the accurate vertical
coordinates fz of the failure position F of the semiconductor
package 3. If it is assumed that a reference line of the vertical
coordinate system is a bottom surface of the micro bump 13 of
the semiconductor package 3, the vertical coordinates {z of
the failure position F of the semiconductor package 3 may be
detected as a distance tz that is obtained by subtracting the
distance ts (i.e., a distance between the failure position F of
the semiconductor package 3 and the upper surface of the
semiconductor package 3) from the overall thickness of the
semiconductor package 3 (i.e., a distance between the bottom
surface and the upper surface of the semiconductor package
3). The failure detector 220 may detect the relative vertical
coordinates of the layer on which the failure has occurred and
the failure position F of the corresponding layer, using the
thicknesses of the respective layers of the semiconductor
package 3.

FIG. 8 is a schematic block diagram illustrating the con-
figuration of a test apparatus for a semiconductor package
according to another example embodiment. For convenience
of explanation, different points from the configuration illus-
trated in FIG. 1 will be described in detail.

Referring to FIG. 8, a test apparatus 2 for a semiconductor
package according to this embodiment includes the X-ray
analyzer 100 and the thermal reaction analyzer 200.

The X-ray analyzer 100 may acquire the X-ray image of the
semiconductor package, and may detect the thickness of the
semiconductor package from the X-ray image of the semi-
conductor package. The X-ray analyzer 100 may transmit the
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detected thickness information Sth of the semiconductor
package to the thermal reaction analyzer 200. The X-ray
analyzer 100 may receive the coordinate information Sfofthe
failure position F of the semiconductor package from the
thermal reaction analyzer 200.

The X-ray analyzer 100 may include the X-ray scope 110,
the image processor 120, and the display panel 130. The
X-ray scope 110 and the image processor 120 may be the
same as those as described above with reference to FIG. 2.

The display panel 130 may display the X-ray image of the
semiconductor package. The display panel 130 may display
the X-ray image on which the failure position F of the semi-
conductor package is shown. The display panel 130 may
display the failure position F on the three-dimensional X-ray
image of the semiconductor package.

The thermal reaction analyzer 200 may receive the thick-
ness information Sth of the semiconductor package from the
X-ray analyzer 100. The thermal reaction analyzer 200 may
apply voltage to the semiconductor package, and may detect
the failure position F of the semiconductor package using the
surface temperature of the semiconductor package and the
thickness of the semiconductor package. The thermal reac-
tion analyzer 200 transmits the coordinate information Sf of
the detected failure position F of the semiconductor package
to the X-ray analyzer 100.

The thermal reaction analyzer 200 may include the infrared
scope 210, the failure detector 220, the voltage supply device
230, and the input/output device 240. The infrared scope 210,
the failure detector 220, the voltage supply device 230, and
the input/output device 240 may be the same as those as
described above with reference to FIG. 3.

FIG. 9 is a schematic diagram illustrating an X-ray image
of'the semiconductor package acquired by the X-ray analyzer
of FIG. 8.

Referring to FIG. 9, on an X-ray image Ic of the semicon-
ductor package 3, the second semiconductor chip 32, the first
semiconductor chip 31, and the package substrate 10 as
described above with reference to FIG. 4 may be displayed.
The laminate films 21 and 22 of the semiconductor package 3,
the sealing layer 40, and the configurations 11 to 15 of the
package substrate may be displayed according to the charac-
teristic of the X-ray image. However, for convenience of
explanation, the display of the configurations 11 to 15 will be
omitted. On the X-ray image Ic ofthe semiconductor package
3, the area of the semiconductor package 3 and an outer area
thereof may be discriminated by their density values. On the
X-ray image Ic of the semiconductor package 3, the area of
the pixel having the density value that is larger than the
threshold value may be discriminated as the area of the semi-
conductor package 3, and the area of the pixel having the
density value that is smaller than the threshold value may be
discriminated as the outer area. The area of the semiconductor
package 3 in the thermographic image Ic of the semiconduc-
tor package 3 may be defined as, for example, a left lower
pixel C (cx, cy) and a right upper pixel D (dx, dy).

On the other hand, although FIG. 9 shows the X-ray image
of the upper surface of the semiconductor package as an
example, the X-ray image can be acquired in the same manner
with respect to each single layer of the semiconductor pack-
age.

FIG. 10 is a schematic diagram illustrating the failure posi-
tion that appears on the X-ray image of the semiconductor
package acquired by the X-ray analyzer of FIG. 8.

Referring to FIG. 10, the failure position F of the semicon-
ductor package may be displayed on the X-ray image Id of the
semiconductor package 3, which is displayed on the display
panel 130. For example, the X-ray image Id of the semicon-
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ductor package 3 may be a three-dimensional X-ray image.
The display of the failure position F of the semiconductor
package 3 on the X-ray image Id includes marking of the
failure position F of the semiconductor package 3 on the
X-ray image 1d so that the user can identify the failure posi-
tion F. For example, in the vicinity of the failure position F of
the semiconductor package 3, the three-dimensional coordi-
nates (fx, fy, {z) of the failure position F may be displayed
together. The three-dimensional coordinates (fx, fy, z) of the
failure position F of the semiconductor package 3 may
include the vertical coordinates and the horizontal coordi-
nates of the failure position F.

In order to display the failure position F of the semicon-
ductor package 3 received from the thermal reaction analyzer
200 on the X-ray image Id of the semiconductor package 3,
the image processor 120 makes the coordinate system of the
X-ray image of the semiconductor package 3 and the coordi-
nate system of the thermographic image of the semiconductor
package 3 match each other. For example, the image proces-
sor 120 can match multiple coordinate systems by standard-
izing C (cx, cy) and D (dx, dy) that define the area of the
semiconductor package 3 in the X-ray image of the semicon-
ductor package 3 and A (ax, ay) and B (bx, by) that define the
area of the semiconductor package 3 in the thermographic
image of the semiconductor package 3 as (0,0)and (1, 1). The
method of matching the multiple coordinate systems is not
limited thereto, but various methods except for the above-
described method may be used. The detailed description of
such methods will be omitted.

According to the example embodiments as described
above, because the vertical coordinates of the failure position
of the semiconductor package may be detected using the
actual thickness of the semiconductor package detected using
the X-ray image rather than the thickness on the specification
of the semiconductor package, the failure position of the
semiconductor can be more accurately detected in spite of the
process deviation. Further, because the semiconductor pack-
age can be tested simultaneously by using the X-ray analyzer
100 and the thermal reaction analyzer 200, and the failure
position of the semiconductor package may be directly con-
firmed on the X-ray image, the analysis time can be shortened
and the failure position of the semiconductor package can be
promptly detected.

While the example embodiments have been particularly
shown and described, those skilled in the art will appreciate
that variations and modifications can be made to the example
embodiments without departing from the principles of the
present inventive concepts. Therefore, the disclosed example
embodiments of the invention are used in a generic and
descriptive sense only and not for purposes of limitation.

What is claimed is:
1. A test apparatus for a semiconductor package compris-
ing:
an X-ray analyzer configured to acquire an X-ray image of
the semiconductor package and detect a thickness of the
semiconductor package from the X-ray image; and
athermal reaction analyzer configured to apply voltages to
the semiconductor package and detect a failure position
of the semiconductor package using a surface tempera-
ture of the semiconductor package and the detected
thickness of the semiconductor package.
2. The test apparatus for a semiconductor package of claim
1, wherein the X-ray analyzer comprises an image processor
configured to detect the thickness of the semiconductor pack-
age using a density of an area of the semiconductor package
in the X-ray image.

5

10

15

20

25

30

35

40

45

50

55

60

o

5

12

3. The test apparatus for a semiconductor package of claim
2, wherein the semiconductor package includes at least one
layer, and the image processor is configured to detect a thick-
ness of the at least one layer using density information of the
at least one layer in the X-ray image.

4. The test apparatus for a semiconductor package of claim
1, wherein the thermal reaction analyzer comprises a failure
detector configured to detect vertical coordinates of the fail-
ure position using a phase difference between the voltages
applied to the semiconductor package and the surface tem-
perature of the semiconductor package.

5. The test apparatus for a semiconductor package of claim
4, wherein the thermal reaction analyzer comprises an infra-
red scope configured to acquire a thermographic image on a
surface of the semiconductor package, and the failure detec-
tor is configured to detect the surface temperature of the
semiconductor package from the thermographic image.

6. The test apparatus for a semiconductor package of claim
4, wherein the failure detector is configured to detect the
vertical coordinates of the failure position using a thermal
diffusion coefficient of the semiconductor package.

7. The test apparatus for a semiconductor package of claim
1, wherein the thermal reaction analyzer comprises an infra-
red scope configured to acquire a thermographic image on the
surface of the semiconductor package, and a failure detector
configured to detect horizontal coordinates of the failure posi-
tion from the thermographic image.

8. The test apparatus for a semiconductor package of claim
7, wherein the failure detector is configured to detect coordi-
nates of a pixel having a maximum pixel value in the thermo-
graphic image as the horizontal coordinates of the failure
position.

9. The test apparatus for a semiconductor package of claim
1, wherein the X-ray image is a three-dimensional X-ray
image of the semiconductor package.

10. A test apparatus for a semiconductor package compris-
ing:

an X-ray analyzer configured to detect a thickness of the

semiconductor package, the X-ray analyzer including,

an X-ray scope configured to acquire an X-ray image of
the semiconductor package,

an image processor configured to detect a thickness of
the semiconductor package from the X-ray image,
and

a display unit configured to display the X-ray image
designating a failure position thereon; and

a thermal reaction analyzer configured to detect the failure

position of the semiconductor package, the thermal

reaction analyzer including,

a voltage supply device configured to apply voltages to
the semiconductor package,

an infrared scope configured to acquire a thermographic
image on a surface of the semiconductor package, and

a failure detector configured to detect vertical coordi-
nates of the failure position using the detected thick-
ness of the semiconductor package and a phase dif-
ference between the voltages applied to the
semiconductor package and a surface temperature of
the semiconductor package, and detect horizontal
coordinates of the failure position from the thermo-
graphic image.

11. The test apparatus for a semiconductor package of
claim 10, wherein the semiconductor package includes at
least one layer, and the image processor is configured to
detect a thickness of the at least one layer using density
information of the at least one layer in the X-ray image.
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12. The test apparatus for a semiconductor package of
claim 10, wherein the failure detector is configured to detect
the surface temperature of the semiconductor package from
the thermographic image.

13. The test apparatus for a semiconductor package of
claim 10, wherein the failure detector is configured to detect
the vertical coordinates of the failure position using a thermal
diffusion coefficient of the semiconductor package.

14. The test apparatus for a semiconductor package of
claim 13, wherein the failure detector is configured to detect
coordinates of a pixel having a maximum pixel value in the
thermographic image as the horizontal coordinates of the
failure position.

15. The test apparatus for a semiconductor package of
claim 10, wherein the X-ray image is a three-dimensional
X-ray image of the semiconductor package.

16. A test apparatus for a semiconductor package compris-
ing:

an X-ray analyzer configured to detect at least one of a

thickness of the semiconductor package and thicknesses
of layers of the semiconductor package using an X-ray
image of the semiconductor package and density infor-
mation of the layers; and

athermal reaction analyzer configured to apply voltages to

the semiconductor package and detect a failure position
of the semiconductor package using a surface tempera-
ture of the semiconductor package and the at least one of
the detected thickness transmitted from the X-ray ana-
lyzer.

17. The test apparatus for a semiconductor package of
claim 16, wherein the thermal reaction analyzer includes:
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an infrared scope configured to acquire a thermographic

image of a surface of the semiconductor package; and

a failure detector configured to detect a horizontal coordi-

nate and a vertical coordinate of the failure position of
the semiconductor package.

18. The test apparatus for a semiconductor package of
claim 17, wherein the failure detector is configured to detect
the horizontal coordinate of the failure position from the
thermographic image of the surface of the semiconductor
package, and the failure detector is configured to detect a
vertical coordinate of the failure position using a phase dif-
ference between the voltages applied to the semiconductor
package and the surface temperature of the semiconductor
device.

19. The test apparatus for a semiconductor package of
claim 17, wherein the failure detector is configured to detect
a vertical coordinate of the failure position using thermal
diffusion coefficient information of layers forming the semi-
conductor package and a phase difference between the volt-
ages applied to the semiconductor package and the surface
temperature of the semiconductor device.

20. The test apparatus for a semiconductor package of
claim 16, wherein the X-ray analyzer includes:

an X-ray scope configured to acquire at least one of a

two-dimensional and a three-dimensional X-ray image;
and

an image processor configured to detect the at least one of

a thickness of the semiconductor package and thick-
nesses of layers of the semiconductor package using the
density information of the layers.
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